The activity of ornithine decarboxylase (ODC), an enzyme associated with cellular growth and protein synthesis, was examined in breast muscle, liver, and intestinal tissues of turkeys during a short-term period of feed withdrawal (FW) and following refeeding. Turkeys from a randombred control line were reared under standard management practices to 3 wk of age in battery brooders. Feed was then withdrawn from FW birds for a 48-h period, after which feed was consumed ad libitum. Control birds consumed feed ad libitum throughout the test period. Tissues were collected from 12 birds per treatment following 24 and 48 h of FW and at 6, 12, 24, and 48 h following refeeding for later determination of tissue ODC activity.
INTRODUCTION
Ornithine decarboxylase (ODC) is the rate-limiting enzyme in the biosynthetic pathway for synthesis of putrescine, spermidine, and spermine from ornithine (Pegg and McCann, 1982) . Putrescine, spermidine, and spermine (commonly referred to as the polyamines) possess amino groups that are protonated at physiological pH values (Schuber, 1989; Heby and Persson, 1990) . Polyamines are believed to act in association with inorganic cations to increase synthesis of RNA and DNA by stimulation of RNA and DNA polymerase activity and to protect existing RNA and DNA from degradation by binding to specific sites and stabilizing the threedimensional conformation of these nucleic acids (Heby and Persson, 1990) . Polyamines are also believed to increase the rate (Martin and Ames, 1962; Jelenc and Kurland, 1979) and improve the fidelity of protein synthesis (Jelenc and Kurland, 1979) .
Polyamine function is more specific than that of inorganic cations because their charges are present at fixed distances allowing the bridging of critical distances (Schuber, 1989) and because their concentrations are highly regulated (Snyder, 1989) . Both ODC activity and polyamine concentrations change markedly in response to a variety of physiological stimuli associated with growth and protein synthesis (Russell, 1980) . Increased ODC activity is one of the first enzymatic changes observed following growth stimulation (Janne et al., 1978; Fitzpatrick et al., 1986) .
Nutritional treatments have influenced polyamine metabolism. The feeding of ornithine (Bedford et al., 1988) and putrescine (Grant et al., 1989) have been shown to reduce ODC activity in rat hepatic and bovine intestinal tissues, respectively. Feed restriction has also niuk et al., 1984; Fitzpatrick et al., 1986) . Although many studies have examined changes in polyamine metabolism with FW and refeeding or nutritional restriction and release, no such studies have been conducted in poultry. Feed restriction and shortterm FW are common industry practices for the control of body weight in both breeders and commercial birds. Studies regarding underlying growth mechanisms might provide a basis to explain and facilitate compensatory growth responses. Additionally, direct comparisons have not been made among different tissue types for short-term responses of ODC activity to FW and refeeding. Consequently, an experiment was designed to examine the influence of short-term FW and refeeding on ODC activity of breast, liver, and intestinal tissue in the turkey.
MATERIALS AND METHODS
Patterns of ODC activity were studied in breast muscle, liver, and small intestine tissues during a shortterm period of FW and following refeeding. Poults from two separated hatches of a randombred control population (RBC2; Nestor et al., 1969) were reared in battery brooders in groups of 10 birds per pen to 3 wk of age. Birds consumed a standard starter ration (29% CP, 2,900 kcal ME/kg diet) ad libitum. Poults were rerandomized at 3 wk of age and feed was removed from pens assigned the FW treatment. Feed was returned following 48 h of FW. A random sample of birds was processed at the initiation of FW (n = 7), following 24 and 48 h of FW (n = 6 per hatch, 12 per treatment), and at 6, 12, 24, and 48 h after the return of feed (n = 6 per hatch, 12 per treatment). Time values presented in the tables and figures represent hours from the initiation of FW.
Each bird was killed by cervical dislocation. The left Pectoralis muscle was dissected from the bone, weighed, and a 5-g subsample wrapped in foil and quickly frozen in liquid nitrogen. The liver was removed, weighed, and a subsample was frozen as above. The intestinal tract was then removed and the ascending and descending loop of the duodenum were separated from the rest of the tract. The pancreas and intestinal contents were removed from the duodenum, which was then frozen as above. All birds were sexed by gonadal examination.
Tissue ODC activity was determined by release of 14 CO 2 from [1-14 C]-ornithine in crude tissue homogenates (Emmerson et al., 1997) . Enzymatic activity was expressed as picomoles of 14 CO 2 released per hour per gram of tissue. Validation studies demonstrated both specificity (unpublished data) and linearity (Emmerson et al., 1997) for ODC activity using these assay procedures.
Breast and liver weights were expressed on both an absolute basis and relative to live body weight. Body and tissue weights were analyzed by ANOVA with time and treatment as main effects and sex and hatch as blocking factors. Ornithine decarboxylase activity data were analyzed by ANOVA with time, tissue, and feeding treatment as main effects and with hatch and sex as blocking factors in a 6 × 3 × 2 factorial arrangement of treatments. When appropriate, time and tissue differences were determined using Duncan's new multiple range test (SAS Institute, 1985) . Body and tissue weights and ODC activities were log transformed and relative tissue weights were transformed to arc sine square roots prior to analysis. Reported values represent least squares means of the untransformed data. Although body and tissue weights and tissue ODC activity prior to the FW period were not included in the ANOVA, means for these traits are presented for comparison.
RESULTS
Absolute body and breast weights were lower for birds subjected to FW and refeeding than for control birds (Table 1) . Feed withdrawal and refeeding also FIGURE 1. Relative liver weights (x ± SEM, n = 12) of control birds that consumed feed ad libitum and birds that were deprived of feed (FW) for 48 h and refed thereafter. (Figure 1 ). There was a significant treatment by tissue interaction for tissue ODC activity (Table 2) . Although ODC activity for both treatments was greatest in small intestine and least for breast muscle with liver tissue intermediate, FW and refeeding produced differential changes in tissue ODC activity. The resulting treatment by tissue by time interaction for ODC activity was related to differences in both the magnitude and timing of changes in ODC activity for the three tissues during FW and refeeding (Figure 2) .
Tissue ODC activity of FW birds was reduced for hepatic and intestinal tissue during the FW period, but increased greatly following refeeding and exceeded that of control birds. Ornithine decarboxylase activity was elevated at 60 and 72 h for intestinal tissue and throughout the refeeding period for liver tissue. No significant changes were observed for ODC activity in breast muscle with FW and refeeding.
DISCUSSION
Nutrient restriction has been previously shown to reduce ODC activity in various tissues for several species. However, few studies have made a direct comparison among different tissues and none have examined the short-term response following refeeding. Liver tissue has been previously reported to have greater ODC activity than either breast or leg muscle (Emmerson et al., 1997) . This result is consistent with the relatively higher rate of protein synthesis in liver than in muscle tissue (Pinchasov et al., 1988) . The ODC activity of intestinal tissue also has been reported to be relatively high (Baylin et al., 1978) . In the present experiment, the FIGURE 2. Tissue ornithine decarboxylase (ODC) activity (x ± SEM, n = 12) of breast (Br), liver (Liv), and intestinal tissue (SI) from control birds that consumed feed ad libitum (Co) and birds that were deprived of feed (FW) for 48 h and refed thereafter.
ODC activity of intestinal tissue was not only found to be twice as high as that of hepatic tissue but relatively more responsive to FW and refeeding.
Feed withdrawal and refeeding produced differential changes in ODC activity among the three tissues studied. Following a FW period of 48 h, intestinal ODC activity increased to control levels by 6 h postfeeding and exceeded control levels at 12 h postfeeding; however, ODC activity had returned to basal levels by 48 h following refeeding. A more sustained increase was observed in liver tissue, in which ODC activity was elevated above that of controls through 48 h postfeeding. Conover et al. (1980) reported similar responses for ODC activity of skeletal muscle and liver tissue in normal and diabetic rats following FW and refeeding. In the present experiment, FW also produced a greater increase in ODC activity for intestinal tissue than was observed for either liver or breast tissue. It is possible that differential changes in intestinal, hepatic, and breast ODC activity are the result of: 1) differences in tissue priorities for nutrients, 2) differences in the timing of nutrient availability at the tissue level, 3) a secondary response mediated through endocrine changes resulting from FW and refeeding, or 4) some combination of these options. Hormonal induction of hepatic ODC activity has been observed to be dependent on the availability of glucose (Evoniuk et al., 1984) or protein (Hayashi et al., 1972; Stanley and Kazarinoff, 1982) in neonatal and adult rats, respectively.
High basal ODC activity in intestinal tissue has been presumed to be related to the high proliferative rate of enterocytes. However, studies with isolated enterocytes indicated that mature enterocytes of the villus tip have higher ODC activity than proliferating crypt cells (Baylin et al., 1978; Sepulveda et al., 1982) . Ornithine decarboxylase activity is elevated following refeeding in enterocytes of the midvillus and villus tip, but not crypt cells (Webster and Harrison, 1969; Fitzpatrick et al., 1986) . However, elevation of ODC activity in these areas might be related to high level of protein synthesis necessary for development of digestive enzymes and transport systems in mature enterocytes. The activity of digestive enzymes (Fortin-Magana et al., 1970) and concentration of glycoproteins associated with membrane-bound enzymes (Weiser, 1973) progressively increase with differentiation of enterocytes as they move up the villus. Thus, variation that was observed for intestinal ODC activity with FW and refeeding in the present experiment might have implications for maintenance of normal intestinal function in skip-a-day feed restriction programs, although adaptation is likely to occur following repeated cycles of FW and refeeding.
Refeeding following FW resulted in increases in relative and absolute liver weight and hepatic ODC activity. Absolute liver weight more than doubled following refeeding. In addition, liver weight was approximately 30% higher for FW birds than full-fed controls during the period of refeeding. Although some of this increase was certainly the result of replenishing hepatic glycogen and lipid stores, some of this increase probably represents cellular growth as evidenced by the compensatory increase in ODC activity. Increases in both cell number (DNA unit number) and cell size (DNA unit size) have been previously observed in association with elevated ODC activity during normal growth and development of turkey breast muscle (Emmerson et al., 1997) . Similar patterns of hepatic DNA accumulation have been observed with compensatory growth in rats (Winick and Noble, 1967; Brasel, 1974, 1980) .
There was considerable variation in hepatic ODC activity among sampling times in control birds. Diurnal patterns in hepatic ODC activity have been observed in association with feeding patterns (Hayashi et al., 1972) . Thus, it is possible that control birds responded to visual or auditory behavioral cues from FW birds during the period of FW or at refeeding by changing their patterns of feed intake. Alterations of feed intake patterns could explain some of the variation in tissue ODC activity of control birds. Social facilitation of feeding has been observed in chicks (Tolman, 1964) . Altered feed intake or feeding behavior has been observed for chicks exposed to auditory (Tolman, 1967) but not visual (Tolman and Wilson, 1965) cues from feed-deprived chicks. Tolman (1967) observed increased feeding behavior in chicks exposed to tapping sounds, and, therefore, it is possible that sounds elicited by FW poults searching for food stimulated feeding activity by control birds in the present experiment. Variation observed in control birds might also represent diurnal variation in ODC activity mediated through some physiological mechanism not related to feed intake.
Results of the present experiment demonstrate differential responses in ODC activity in breast, liver, and intestinal tissue following short-term FW and refeeding. In addition, compensatory increases were observed for liver and intestinal ODC activity. Similar increases have been observed in liver tissue following short-term FW and refeeding (Eloranta and Raina, 1977) and release from chronic feed restriction (McAnulty and Williams, 1975) . However, in vivo responses have not previously been reported for intestinal tissue. A transitory increase in intestinal ODC activity was observed in the present experiment. This response might have escaped detection by previous investigators, as most related experiments have not included controls that consumed feed ad libitum and samples were generally collected more than 48 h following refeeding. The increases in intestinal ODC activity observed in the present experiment had already subsided by this time. The physiological significance of compensatory increases in ODC activity following refeeding and the influence of such responses on tissue growth and function is not known at this time. However, the results of the present experiment do clearly demonstrate that short-term FW and refeeding influence not only growth and muscle development but also underlying growth mechanisms of supply organs such as hepatic and intestinal tissue.
